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ABSTRACT 
A method is presented for isolating and purifying 
vitellin(s) from the mosquito Aedes aegypti so that con¬ 
sistent results could be obtained. The question as to 
whether vitellin is a single protein or a complex of related 
proteins is discussed. This thesis also shows the need for 
the use of recrystallized acrylamide when performing gel 
electrophoresis. Moreover, it is also necessary to main¬ 
tain consistent parameters when electrophoresing the vitel¬ 
lin. Amino acid analysis of Aedes aegypti vitellin was 
carried cut, and comparisons made to the analysis of other 
insect vitellins. These results demonstrated that Aedes 
aegypti vitellin is closely related in amino acid composi¬ 
tion to the other insect vitellins examined. 
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INTRODUCTION 
Insects are the most prolific and most numerous of 
all animals, yet little is known about their reproductive 
processes. Biting insects present many problems to man, 
one of the most serious being the vectoring of diseases. 
Strategies have been suggested to control these vectors, 
among them being the regulation or disruption of their repro¬ 
duction. However in order to formulate and exploit such 
methods, there first is a need to fully understand the in¬ 
sect's reproductive processes. 
In 1954 it was demonstrated in the Cercropia silk- 
moth that female specific protein was transferred during 
oogenesis from the hemolymph to the eggs (Telfer, 1954). 
Such yolk precursor proteins or vitellogenins (Pan et al., 
1969) have since been found to occur generally in the hemo- 
lymph of adult female insects. They are deposited in the 
yolk, in a form that has been termed vitellin (Wyatt and 
Pan, 1978), since there may be modifications in the hemo¬ 
lymph precursors in some cases (Chen et al., 1976; Kelly and 
Telfer, 1977). In Aedes aegypti, the experimental animal 
used in this research, vitellin and vitellogenin have the 
same antigenic qualities and molecular weights (Kelly and 
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Telfer, 1977; Hagedorn et al., 1978, unpublished data) and 
therefore are essentially the same. 
Vitellin is usually isolated and concentrated by ex¬ 
traction in a high salt buffer, followed by precipitation 
in a buffer of low ionic strength (Dejmal & Brookes, 1972), 
however within this technique there is a great deal of 
variability. Vitellin from various insects has been iso¬ 
lated by means of a wide variety of buffer systems (Dejmal 
and Brookes, 1972; McGregor and Loughton, 1974; Hagedorn 
and Judson, 1972; Hagedorn et al., 1978). Nonetheless, it 
is the ionic strength and pH of the buffer used (Oie et al., 
1975), that seems to have the most effect on the percent 
recovery, and purity of the vitellin isolated. This fact 
seems to have been overlooked at various times by different 
investigators and might account for some of the variance in 
the results. 
As much variability as exists in the methods of iso¬ 
lation, there is probably an equal lack of uniformity in 
the methods of gel electrophoresis (Weber and Osborn, 1969; 
Orstein and Davis, 1962; Kane, 1973; Laemmii, 1970). How¬ 
ever the overall method chosen does not seem to have as 
much bearing on the results as does the controlling and 
standardizing of the internal factors within a given system 
such as pH of the buffers, amount of sample applied to each 
gel, amperage used when running gels and the running temper¬ 
ature . 
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Amino acid analysis of insect vitellin is in a forma¬ 
tive state. To date the amino acid composition of only 
eight insects has been examined (Kunkel andean, 1976; 
Chino et al., 1977; Kambysellis, 1977). No amino acid analy¬ 
sis has been done with any nematocerous Diptera, so no com¬ 
parison can be made between this group and other insect groups. 
The first objective of my research was to refine the 
method for isolating and purifying vitellin so consistently 
reproducible results could be obtained. I also wanted to 
improve the technique for electrophoresing the vitellin so 
the results could be standardized and direct comparisons 
could be made between experiments. These results were also 
necessary to discuss whether vitellin consisted of one or 
more than one protein. 
The second objective of this research was to prepare 
and carry out an amino acid analysis of vitellin from an 
anautogenous mosquito and to compare these results with 
those obtained in the analysis of other insects. 
LITERATURE REVIEW 
General Background 
In the anautogenous mosquito, ecdysone produced by 
the vitellogenic ovary (an ovary stimulated by EDNH) stim¬ 
ulates the fat body to release vitellogenin into the hemo- 
lymph (Hagedorn, 1974; Hagedorn et al., 1973). The vitel¬ 
logenins subsequently enter the oocytes by pinocytosis (Roth 
and Porter, 1964) where they become 20 - 30 times more con¬ 
centrated. Other proteins are largely excluded (Telfer, 
1960). Once the vitellogenin has been deposited in the 
ovary it is termed vitellin (Wyatt and Pan, 1978) . 
Isolation and Gel Electrophoresis Methods 
Vitellin was first isolated from Leucophaea madarae 
by Dejmal and Brookes in 1968. The ionic strength of the 
NaCl solution was shown to be a critical factor in the 
solubilization of the yolk protein. In 1972 they suggested 
extracting the vitellin in a high salt solution, followed 
by precipitation at a low ionic strength to purify the 
vitellin, a technique which has often proved useful (Wyatt 
and Pan, 1978). Hagedorn and Judson (1972) extracted vitel¬ 
lin from Aedes aegypti using Tris-chloride buffer of high 
4 
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ionic strength, instead of just a salt solution as used by 
Dejmal and Brookes. In 1974 Pan and Wallace used a more 
complex Tris citrate buffer system, to purify vitellin from 
Hyalophora cercropia. Oie et al., (1975) who isolated and 
purified vitellin from Blatella germanica, compared buffers 
of various pH and salt concentrations for their ability to 
extract vitellin. They showed that in B. germanica no 
detectable amount of vitellin was solubilized when ovaries 
were extracted with a 0.1 or 0.2 M NaCl solution, where as 
a 0.4 or 0.8 M NaCl solution precipitated large amounts of 
vitellin from the ovaries. The pH of the extractant also 
proved to be a critical factor when solubilizing vitellin. 
Buffers of pH of <7 did not effectively solubilize the 
vitellin, while buffers of pH in the range 7-9 were quite 
effective. Furthermore, they were able to show that with 
a buffer in which favorable conditions of salt concentra¬ 
tion and pH were combined the extraction efficiency did 
not appreciably improve. However, the use of a buffered 
system combining optimal pH and salt concentration did im¬ 
prove the percent recovery of vitellin in later purifica¬ 
tion steps. 
Dejmal and Brookes (1968) found that lowering the 
ionic strength of saline extracts to 0.2 M NaCl by dilution 
with water readily precipitated a major fraction of the 
soluble proteins (which was 80% vitellin) in Leucophaea 
6 
madjarae. In B. germanica however, Oie et al. (1975) found 
that precipitation of the proteins by dilution with water 
required a far larger volume of water than suggested by 
Dejmal and Brookes. Moreover, they found that precipita¬ 
tion still proceeded so slowly, so it was impractical for them 
to adopt this procedure of purification. Instead, a more 
efficient precipitation was induced by lowering of the pH 
of the extract to below pH 7. This treatment readily pre¬ 
cipitated the bulk of the protein and was used as a purifi¬ 
cation step. McGregor and Loughton (1577), when isolating 
Locusta migratoria vitellin, found that after solubilizing 
it in 0.8 M tris buffer the vitellin could be recovered 
by adding 10 volumes of ice cold distilled water, followed 
by centrifugation. Gellissen et al., (1976) also used a 
technique similar to Dejmal and Brookes (1968). They solu¬ 
bilized L. migratoria vitellin in 0.4 M NaCl (unbuffered) 
then precipitated the vitellin by lowering the ionic strength 
of the solution by dilution and isolated by centrifugation. 
Chino et al., (1977) solubilized Philosamia cynthia 
vitellin in a 0.02 M phosphate buffer with 0.125 M KC1; this 
has a lower salt concentration and lower pH (pH 6) than 
other buffer systems used. Despite this fact, they were 
able to solubilize and later recover the vitellin with this 
method, though no comment was made as to the percent of re¬ 
covery. No rationale was given for the use of the homogen- 
izing-solubilizing buffer with the lower pH and salt 
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concentration. Hagedorn et al., (1978) used a technique 
similar to both Dejmal and Brookes (1972) and Oie et al., 
(1975). They solubilized their vitellin in a 0.05 M Tris- 
phosphate buffer, pH 8.0 containing 0.25 M NaCl, then pre¬ 
cipitated it by dialyzing against a Tris-phosphate buffer 
(ph 6), without salt, thus reducing both the pH and the 
salt concentration to precipitate the vitellin. 
Solubilization and precipitation procedures usually 
only partially purify the vitellin so further purification 
steps are quite often used. Ammonium sulfate precipitation 
is probably the easiest method since it does not require 
the use of a column, but it also provides the lowest degree 
of purification (Oie et al., 1975). Gingeras et al., (1973) 
and Kambysellis (1977) modified this technique and used selec¬ 
tive ammonium sulfate precipitation to isolate vitellin from 
Drosophila sp. which improved somewhat on the purity of the 
vitellin. After the vitellin had been precipitated, they 
further increased its purity by solubilizing it in a Tris 
buffer (pH 8.2) and then running it through either a pre¬ 
paratory electrophoresis or a Sepharose 4B column (Gingeras, 
1976). Chino et al., (1976, 1977) used a 75% ammonium, sul¬ 
fate solution to precipitate the vitellin from P. cynthia, 
then dissolved it in distilled water and dialyzed against 
distilled water. After dialysis, 10 volumes of distilled 
water piled to 6 were added to precipitate the vitellin. 
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it was subsequently solubilized in a phosphate buffer and 
run through a DEAE column as the final purification step. 
Upon surveying the various purification techniques 
it is evident that diethylaminoethyl cellulose (DEAE) 
column chromatography is most often used and the most effec- 
^ve• Oie et al., (1975) in comparing purification techniques, 
found that DEAE—cellulose gave the highest degree of purity 
as well as a good yield of the vitellin. Hagedorn and Judson 
(1972) used a combination of Sepharose and DEAE columns which 
seemed to be just as effective as using only a DEAE column 
(Gellisen et al., 1976; Hagedorn et al., 1978). 
Other approaches have been used in purifying vitellin. 
et al. , (19 76) used a DEAE column and then further 
purified L„ madarae vitellin by using a cesium chloride 
gradient. This yielded an extremely pure sample of vitellin. 
At the other extreme McGregor and Loughton (1977) who used 
only a Sepharose 6B column to purify vitellin from L. 
migratoria. 
It appears from the literature that each investigator 
has his or her own "favorite" gel electrophoresing technique 
and there seems to be no effort toward standardization. 
The Laemmli systems (Laemmli, 1970) gives extremely high 
resolution. Complete cellular extracts can be applied 
without smearing. Samples as large as 1 ml, containing con¬ 
siderable salt, can be analyzed. This method however, is 
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not as reliable as the Weber and Osborn (1969) method for 
determining molecular weights (Scrader and O'Malley, 1977). 
Variations on the original Orstein and Davis tech¬ 
nique (1962) are frequently used (Chino et al., 1976; Chino 
et al., 1977; Oie et al., 1975; Englemann et al., 1976; 
Chino et al., 1977) along with the Weber and Osborn tech¬ 
nique also being used quite extensively (Kunkel and Pan, 
1976; McGregor and Loughton, 1977; Chino et al., 1977; 
Chapman et al., 1975). Some investigators design their 
own buffer system to suit their individual needs as did 
Whitmore and Gilbert (1974). 
Methods of Amino Acid Analysis 
In amino acid composition, a number of insect vitel¬ 
logenins and vitellins show a common pattern as character¬ 
ized by high aspartic and glutamic acid.1 This pattern 
remarkably resembles the amino acid composition of some lipo- 
vitellins of birds and amphibia, while differing somewhat 
from that of some non-vitellogenic insect plasma proteins 
(Wyatt and Pan, 1978; Kunkel and Pan, 1976; Chen et al., 1976). 
*When aspartic and glutamic acids are referred to 
they are actually asparagine and asparate, and glutamine and 
glutamate respectively; since in most analyses they are not 
separated. Due to this fact, it would not seem unusual 
that these valves would be higher than the other values. 
10 
To date amino acid analysis have been done on seven 
insect vitellins (eight, if Drosophila melanogaster and D. 
are counted separately) . The first analysis was 
done by DeLoof and DeWilde in 1970 on the Colorado Potato 
beetle (Leptinotarsa decemlineata). They only did acid 
hydrolysis so their values for threonine, serine, cysteine, 
tyrosine and tryptophan were abnormally low. Still, they 
found the high percent of glutamic acid and aspartic acid, 
which became a characteristic trend in other insect vitellins. 
The next amino acid analysis was done in 1972 by 
Dejmal and Brookes. They analyzed vitellin from L. madarae, 
but did little except present the data in tabular form. In 
1974 Englemann and Friedel also did an amino acid analysis 
of the L. madarae protein. They examined both the vitello¬ 
genins from the hemolymph and the vitellins from the ovaries. 
They did a complete hydrolysis and used a Beckman 120B Amino 
Acid Analyzer (as did Dejmal and Brookes) to do the analysis. 
a.hey also found glutamic and aspartic acid in extremely large 
amounts with leucine, serine and valine also on the high 
side. 
In 19/6 analysis was carried out with B. germanica 
and H. cercropia, and comparisons made between insect, 
avian and amphibian vitellins, and non-vitellins (Kunkel 
and Pan, 1976). Aspartic and glutamic acids were high in 
all categories, but the vitellins did vary somewhat from 
non-vitellins in their overall amino acid compositions. 
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Kunkel and Pan concluded that vitellins did resemble each 
other as a loose group, but even with this resemblance there 
were no immunological cross-reactions outside of the generic 
level among cockroaches (Kunkel and Pan, 1976) or outside 
of the family level in saturniid silkmoths (Telfer, 1954; 
Laufer, 1964). Kunkel and Pan were able to show conclusively 
that Dictyoptera and Lepidoptera will not support vitello¬ 
genesis in each others oocytes even though they have very 
similar gross chemical properties. These results indicate 
that the selective uptake mechanism involves recognition of 
subtle differences in the protein structure. This suggests 
marked divergence in amino acid sequence despite similarity 
in net composition (Wyatt and Pan, 1978). 
Three amino acid analysis of insect vitellins were 
done in 1977. Gellissen et al., (1977) showed that L. 
migratoria had the expected high aspartic and glutamic acids. 
They also found a low half cysteine content which also is 
characteristically low in the other vitellins. McGregor 
and Loughton (1977) also did an analysis of the L. migratoria 
vitellin. They found an abnormally high glycine count along 
with the usually prominent aspartic and glutamic acids. 
This discrepancy could be related to the fact that glycine 
was probably used in their buffer system (Kambysellis, 1977). 
Chino et al., (1977) did an amino acid analysis of vitellin 
from P. cynthia. Like Engelmann and Friedel (1974) they 
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analyzed both the hemolymph vitellogenin and the ovarian 
Vxtellin. From their analytical data and other information, 
they were able to conclude that both vitellogenin and vitel- 
lin are the same protein in P. cynthia. Kambysellis (1977), 
modified from Gingeras (1976), compared the amino acid 
composition of purified yolk protein from both D. melanogaster 
and D. viril_is. He found the percent of glycine to be ex¬ 
tremely high (similar to McGregor and Loughton, 1977). 
He attributed this to the possibility that some of the gly¬ 
cine from the Tris glycine buffer system contaminated the 
sample even though the purified protein was exhaustively 
dialyzed against distilled water. He found high amounts 
of glutamic and aspartic acids, but in D. virilis serine 
was higher than both glutamic and aspartic acids. He also 
made the suggestion that because cysteine was more abundant 
in D. virilis than in D. melanogaster vitellin, D. virilis 
viteliin had a more compact configuration. This comment 
might be viewed with skepticism since the amounts of cysteine 
usually cannot be accurately determined. 
In order to meaningfully compare the various amino 
acid analysis of insect vitellogenins and vitellins an 
appropriate quantitative method was needed. Kunkel and 
Hagedorn (1978, unpublished manuscript) suggested the use of 
the SAQ and Manhattan distance (MD) metric for comparing 
amino acid compositions. The SAQ method emphasizes those 
amino acids that differ the most between two proteins since 
13 
it squares each difference; it is most appropriate when 
looking for differences between proteins. The MD method, 
which simply adds differences, is more appropriate for com¬ 
paring the degree of difference between proteins, and has 
been described as useful for tree building (Kunkel and 
Hagedorn, 1978 unpublished). This would indicate that the 
SAQ method is best for comparing vitellins and vitellogenins, 
while MD would probably be more useful in comparing vitellins 
and non-vitellins from different insects. 
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Flow Chart of Isolation, Purification and Gel 
Electrophoresis of Vitellin From Aedes aegypti 
ovaries from 150-200 A. aegypti 3 days 
after a blood meal dissected in Aedes 
saline at 4°C 
rinsed with two volumes of 
distilled water 
\l- 
ova (minus extraneous ovarian tissues) 
pellet and lipid 
layer discarded 
supernatant 
discarded 
homogenized and sonicated in 
one of the following buffers: 
*(1) 0.05 M T’ris Phosphate 
buffer, pH 8, containing 
0.25 M NaCl 
(2) IX PBS 
homogenate 
centrifuged for 20 min at 
18,000 Xg 
supernatant 
dialyzed for 2-3 hrs against 
0.05 M Tris Phosphate buffer, 
pH 6, no NaCl 
dialysate 
-- spun for 5 min at 30,000 Xg 
Y 
pellet 
rinsed 3 X with dialyzing 
v buffer 
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rinsed pellet 
solubilized in one of the 
following buffers: 
*(1) 0.01 M Na-K phosphate 
buffer, pH 7, no NaCl 
(2)- 0.1 M Na-Na phosphate 
buffer, pH 7, no NaCl 
extractant 
F 
aliquot saved to 
check purity of 
precolumn vitel- 
lin by gel electro¬ 
phoresis 
solution rinsed onto a prewashed Whatman 
DEAE column with solubilized buffer 
F 
O.D. at 280 of wash from column moni¬ 
tored until background levels v/as 
reached 
i 
vitellin eluted off the column with one 
of the following buffers:. 
*(1) 0.1 M Na-K phosphate buffer, pH 7, 
0.25 M NaCl 
(2) 0.1 M Na-Na phosphate buffer, pH 
0.25 M NaCl 
' / 
i 
eluent containing vitellin 
For amino acid analysis, 
the eluent was processed 
as diagrammed in "Flow 
Chart of Amino Acid 
Analysis of Vitellin" 
on page 17 _ 
vitellin sample was dialyzed 
overnight against sample 
buffer 
\k 
sample mixed with a 0.1% 
Bromophenol Blue-10 % 
sucrose solution in a 
20:1 ratio of sample to 
total solution 
Dialysate is boiled for 6 
min (or not boiled for a 
control) 
sample mixed with a 0.1% 
Bromophenol Blue-10% sucrose 
solution in a 20:1 ratio of 
sample to total solution 
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applied to a 6% acrylamide 
gel containing either *re- 
crystallized or unrecry- 
stallized acrylamide in 
varying concentrations 
'V 
gels electrophoresed 
for 20 hrs at 1 Ma/tube 
at 4°C 
V 
gels removed from tubes 
gels fixed and stained 
applied to either a *7.5% or 
5% acrylamide gel 1% SDS con¬ 
taining either recrystallized 
or unrecrystallized acrylamide 
in varying concentrations 
v 
gels electrophoresed for 12 
hrs at 1 mA/tube at room 
temp. (~23°C) 
\K 
gels removed from tubes 
gels fixed and stained 
*Buffers and procedures that gave the most consis¬ 
tent, efficient results in the systems. 
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Flow Chart of Amino Acid Analysis of Aedes aegypti Vitellin 
Purified sample collected in eluent 
dialyzed overnight against 
0.05 M Tris Phosphate buffer, 
pH 6, no NaCl 
V 
dialysate collected 
freeze-dried 
sample collected and weighed 
diluted in 1-2 mis of 6N HC1 
solution sealed under a vacuum 
hydrolyzed for 22 hrs at 110 C 
hydrolysate recovered 
freeze-dried 
sample dissolved in 1-2 mis sodium citrate buffer, pH 2.2 
v 
sample analyzed on a 120C or 119C Beckman Amino Acid Analyzer 
MATERIALS AND METHODS 
Isolation of Vitellin 
Larvae of Aedes aegypti were reared in groups of 
200 in plastic trays containing 450 ml Of distilled water 
at 27°C. They were fed daily on a 1:1:1 mixture of finely 
ground rat chow, lactoalbuminhydrolysate and dry Brewer's 
yeast (Day 1 = 400 mg. Day 2 = none. Day 3 and 4 = 400 mg. 
Day 5 and 6 = 600 mg). Adults were allowed continuous access 
to a 3% sucrose solution. 
Ovaries from 150-200, 3-5 day old mosquitoes were 
removed 3 days after being fed on a rabbit (mosquitoes were 
anesthetized on ice) and stored for a maximum of 24 hours 
in Aedes saline (Appendix A) at 4°C (all subsequent prepar¬ 
ative manipulations also were conducted at 4°C). Ovaries 
were washed three times in 5 volumes of distilled water to 
release the ova and remove extraneous ovarian tissues by 
decanting. Ova were homogenized with a Pyrex ground glass 
homogenizer (No. 7727) in 2 volumes of a phosphate buffer 
of high ionic strength (Appendix B), sonicated on a Sonifier 
Cell Disruptor (Heat Systems-Ultrasonics, Inc.) for 4 minutes 
and centrifuged at 18,000 g in a Sorvall centrifuge with a 
swinging bucket rotor at 4°C for 20 minutes. Supernatant 
18 
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was removed with a pasteur pipet (avoiding the top lipid 
layer) and dialyzed for 2-3 hours in a 250 ml graduate cylin¬ 
der with a stir bar against ~100 volumes of no NaCl, Tris- 
phosphate buffer (Appendix B) with 1 change of buffer. 
Dialysate was removed with a Pasteur pipet, centrifuged at 
3,000 g in a Sorvall Centrifuge with a swinging bucket 
rotor for 5 minutes, and the resulting pellet was rinsed 
several times by suspending it in 2 volumes of no NaCl, 
Tris-phosphate buffer, bringing it out of suspension on ice, 
then re-centrifuging under the same conditions as before. 
After being rinsed, the pellet was dissolved in 1 1/2-2 
volumes of phosphate buffer (Appendix B). An aliquot (100- 
200 pi) was saved to check the purity of the precolumn pre¬ 
paration using gel electrophoresis. The remaining solution 
was run through an 8 x 45 mm DEAE column. The column's solid 
support was Whatman DEAE 52 (Cat. #24521) which had been 
swelled overnight in the phosphate eluting buffer (Appendix 
B) at room temperature (~23°C). The DEAE, suspended in the 
phosphate eluting buffer, was poured down a glass rod into 
a column which had a small plug of glass wool at the bottom. 
The DEAE was allowed to settle for 4-6 hrs under 1 volume 
of phosphate eluting buffer, then placed in the cold until 
o it reached a temperature of 4 C. The column was rinsed with 
50-100 ml of the phosphate eluting buffer. Sample was 
applied to the column and washed on with 25-35 ml of phosphate 
20 
eluting buffer. Fractions of 1 ml were continuously moni¬ 
tored at both 260 nm and 280 nm [1.55 x °»D280 ~ ^*^6 x °*D260 
mg/ml (Hagedorn et al., 1978)].2 When a level equal to that 
of the phosphate eluting buffer was reached, the phosphate 
eluting buffer containing 0.25 M NaCl was run through the 
column and the vitellin was eluted (modified from Hagedorn 
et al., 1978). 
Gel Electrophoresis of Vitellin 
Acrylamide gel solutions were made according to 
the Laemmli method (Laemmli, 1970; described in Appendices 
C & D) and poured into 8 mm x 120 mm electrophoresis tubes. 
To run the vitellin, acrylamide gels without sodium 
dodecylsulfate (SDS) were used. A sample of vitellin (20- 
150 yg) in the buffer which it was eluted from the column 
was mixed with a 0.1% Bromophenol Blue-10% sucrose solution 
in a 20:1 ratio of sample to total solution, and applied to 
the gels in varying concentrations. They were electrophoresea 
in a Buchler Instruments electrophoresis tank with Tris- 
glycine buffer (Appendix D) at 1mA per tube for 20 hours 
at 4°C. After electrophoresis the gels were removed from 
the tubes, fixed and stained (Appendices D and E). 
To prepare the vitellin for SDS gels to examine the 
disassociation products of the vitellin, an aliquot of 
vitellin sample was dialyzed overnight in 5 volumes of BME 
2Some samples with a high 280 nm absorption were added 
back to the column before eluting with the buffer containing 
0.25 M NaCl. 
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solution (Appendix D) at 23°C. It is then mixed with 0.1% 
Bromophenol Blue-10% sucrose solution in a 20:1 ratio of 
sample to total solution, applied to the gels and electrophor- 
esed at 1mA per tube for 12 hrs at approximately 23°C. 
After electrophoresis the gels were removed, fixed and 
stained (Appendices D and E). 
Amino Acid Analysis 
To do an amino acid analysis of the vitellin the 
eluted samples containing the vitellin were combined and 
dialyzed overnight against 100 volumes of 0.05 M Tris- 
phosphate buffer pH 6, (no NaCl)at 4°C, then freeze-dried. 
The remaining residue was weighed, suspended in 1-2 ml of 
6 N HC1, sealed under a vacuum, then hydrolyzed for 22 hrs 
at 110°C. The hydrolysate was again freeze-dried, dissolved 
in 1-2 ml of 0.2 M sodium citrate buffer, pH 2.2 (modified 
from Chapman et al., 1975) and run on either a Beckman 120C 
Amino Acid Analyzer (which was performed by the lab of Dr. 
Peter Pellet, University of Massachusetts) or Beckman 119C 
Amino Acid Analyzer (which was performed by the lab of 
Curtis Fullmer, Cornell University). 
RESULTS AND DISCUSSION 
General Introduction 
Due to the limited and incomplete information on 
Aedes aegypti vitellin and various other insect vitellins, 
it is difficult to immediately assume that vitellin is a 
single protein. To the best of my knowledge the total 
composition (proteins, lipids, carbohydrates and nucleic 
acids) of an insect ova has not been described or quantified. 
Given this and the methods of isolation and purification, 
that I and other investigators have used, assuming without 
reservation that the vitellin isolated is a single protein 
is questionable. Rather, it would seem more reasonable to 
consider two options, (1) chat vitellin is a complex mixture 
of very related soluble proteins predominantly made up of 
yolk proteins (Telfer, 1960) or (2) that vitellin is a 
single, very complex yolk protein. 
In Figure 7, the difference between chromatographed 
vitellin (Figures 7A and 1C) and non-chromatographed vitellin 
(Figure 7E) is minimal. Given the preparative steps to ex¬ 
tract the soluble proteins before column chromatography 
(see Materials and Methods) it would seem unlikely that just 
a single protein would be extracted. Yet, if the appear¬ 
ance of the single vitellin band (Figure 7E) is interpreted 
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as a single protein, this would have to be the conclusion. 
Another point of interesting data is Figure 3D. This is 
vitellin eluted off the column with 0.1 M Na-Na Phosphate 
buffer, pH 7 containing 0.1 M NaCl, instead of the normal 0.25 
M NaCl. This could be attributed to the fact that a portion 
of the sample didn't bind to the column or that vitellin is 
more than one protein and that one (or more) of the proteins 
from the "vitellin complex" is eluted at this molarity of 
salt. A third interesting observation is the very close 
correlation of the amino acid composition of A. aegypti 
vitellin with the amino acid compositions of other insect 
vitellins (Tables 1 and 2). This would seem to indicate that 
if vitellin is found to be a complex of closely related 
proteins in one insect system that there would be a good 
possibility that this would be the case in other insect 
systems, since vitellins obviously seem to be a closely re¬ 
lated group. 
Isolation, Purification and Gel Electrophoresis of the Vitellin 
When I first attempted to obtain purified vitellin 
and perform gel electrophoresis, I found that the results 
(Figure 1) varied greatly due to the lack of standardization 
of the techniques. This led to my seeking an efficient method 
that would yield the most consistent results. 
The first procedure that was examined was the homo- 
genization-sonification step. It was found that the buffer 
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in which the ova were homogenized and sonicated needed to 
be of a high ionic strength (0.25 M NaCl) (Dejmal and Brookes, 
1972) and also 1-2 pH units above the yolk proteins assumed 
isoelectric point. When a buffer of lower ionic strength 
and lower pH was used for homogenization and sonication, 
the vitellin was poorly extracted from the ova and poor 
yields were obtained (Figure 2). When the vitellin was 
properly extracted 15 mg of vitellin was yielded per ovar¬ 
ies of 150-200 mosquitoes after chromatography (this was 
estimated on the basis of the 260 nm/280 nm ratio, see 
Materials and Methods). Extraction was considered less than 
acceptable if less than half this amount of vitellin was 
recovered. In the extraction procedure used to obtain the 
data in Figure 2B, approximately 1 mg of vitellin was re¬ 
covered. It was found that a 0.05 M Tris-phosphate buffer 
with 0.25 M NaCl at pH 8 was the most efficient buffer for 
extracting the vitellin (Appendix B). * Figure 2A shows 
vitellin prepared by homogenizing and sonicating in the 
pH 8, 0.05 M Tris-phosphate buffer containing 0.25 M NaCl 
and chromatographed. Figure 2B shows a sample eluted off 
the DEAE column which had been homogenized in phosphate buf¬ 
fered saline (PBS) (Appendix B), and Figure 2C shows the pre¬ 
salt rinse from the DEAE column run to elute the sample in 
Figure 2B, this illustrated that the problem was not a lack 
of protein binding to the column but rather that the protein 
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was not extracted from the ova. Figure 2D shows an unsuccess¬ 
ful attempt to examine the subunits of Figure 2B, by electro¬ 
phoresis in 5% acrylamide gels containing 1% SDS. Hagedorn 
and Judson (1972) used a 0.05 M Tris Chloride buffer, (pH 
8.5) with 0.5 M NaCl to extract vitellin from freshly laid 
eggs (instead of ova) which seemed to be an effective method 
since the buffer was of both high ionic strength and pH. 
The results of Oie et al., (1975) agree with my results. 
They demonstrated that a buffer of pH 8 with 0.4 M NaCl more 
effi-ciently and selectively extracted vitellin than any ether 
solutions and buffers tested. 
Another difficulty arose when I found a discrepancy 
in my results when using a Na-Na buffer pH 7 (Hagedorn and 
Judson, 1972) to solubilize and elute the vitellin off of 
the DEAE column (Appendix B). At times I was able to recover 
the vitellin from the column in greatly reduced quantities, 
compared with the amount I applied to the column, (the 
method for quantifying is previously described) and there 
was an additional, less distinct band appeared above the major 
vitellin band (Figure 3C). At other times I was unable to 
recover any of the vitellin that was applied to the DEAE 
column. It was also apparent that something came off the 
column when it was washed with 0.1 M NaCl. This could be 
due to the vitellin not completely binding to the column, 
or it could possibly be that vitellin is more than one pro¬ 
tein, and one or more proteins of the complex is eluted at 
this molarity (Figure 3D). 
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When i changed to a Na-K buffer at pH 7 the pattern 
changed (Appendix B). The reason for the drastic differ¬ 
ence in the reproducibility of the two different buffers is 
that the Na-Na buffer is a weaker buffer than the Na-K 
buffer. This may indicate that when the vitellin was in a 
high enough concentration in the Na-Na buffer it tended to 
have a buffering" effect on the buffer, pulling the pH of 
the Na-Na buffer towards its assumed isoelectric point. 
This causes the vitellin to precipitate out of solution, 
thus preventing it from entering and binding to the DEAE 
column. On the other hand, the pH 7 Na-K buffer had stronger 
buffering capacities, so the vitellin may have tended to 
stay in solution at the higher concentrations and could be 
eluted from the DEAE column successfully. Hagedorn and Judson 
(1972) used a 0.1 M Na-Na phosphate buffer, pH 7 to solubilize 
and elute vitellin (eluting buffer contained 0.25 M NaCl) 
successfully. But, they never used solutions of high con¬ 
centration (not greater than 5 mg/ml) and therefore they 
did not encounter the problem of the vitellin precipitating 
out of solution. 
Figure 3 is a comparison of the unfed female-male 
extract (Figure 3A) with purified vitellin (Figure 3B) and 
samples from a run with the pH 7 Na-Na buffer (Figure 3C 
and (Figure 3D). The unfed female-male extract contained 
whole mosquitoes, with the preparative procedures being the 
same as for the ova cellular extract up to the point of 
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chromatography. Comparison of the unfed female-male extract 
with the purified vitellin indicates only that vitellin may 
be a blood-fed female specific protein which does not occur 
in unfed females or males since it is only a gross compari¬ 
son. 
After vitellin was eluted off the DEAE column, gel 
electrophoresis was performed on the vitellin to check its 
purity. [I used the Laemmli technique and variations of 
it (Laemmli, 1970? Schrader and O'Malley, 1977) because of 
the high capacity for salt and resolution of the protein 
bands]. During this process the necessity for recrystalliz— 
ing acrylamide was discovered (Appendix C). It presently 
appears significant that it was recrystallized in ethyl 
acetate (Appendix C), because others have reported that 
acrylamide recrystallized in chloroform gave the same results 
as if the acrylamide had not been recrystallized (Kaczor, 
personal communication). 
Figure 7 shows the well defined difference between 
gels containing recrystallized acrylamide (Figure 7A and 
Figure 7C) and gels containing unrecrystallized acrylamide 
(Figure 7B and Figure 7D). Figure 7E as compared to Figure 
7A or 7C, illustrates the fact that precolumn vitellin run in 
gels containing recrystallized acrylamide had only a small 
amount of contamination. In contrast, precolumn vitellin run 
on gels with unrecrystallized acrylamide (Figure 7F) appears 
to contain more contamination. What exactly caused the 
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aberrant banding patterns in the gels containing the unre- 
crystallized acrylamide is unknown. It is possible that 
they were due to a protease in the unrecrystallized acrylamide 
breaking down the protein. However, because of the positions 
and consistency of the contaminating bands, it would seem 
more likely that they were due to contaminants in the 
acrylamide that are removed in the recrystallization process. 
The picture of vitellogenin, banding patterns presented by 
Oie et al., (1975) were similar to those of Figure 7B and 
7D. This might indicate that they neglected to recrystal— 
lize their acrylamide or that they recrystailized it in. chlor¬ 
oform. Still, it is difficult to make comparisons with 
other systems, since most investigators neglect to mention, 
(1) whether the acrylamide was recrystailized or unrecrystal— 
lized or (2) the solvent system used, if the acrylamide, is 
recrystailized. An important piece of data that should again 
be noted in Figure 7 is that there is no appreciable differ¬ 
ence between the chromatographed (Figure 7A and 7B) and the 
non-chromoatographed vitellin (Figure 7E). Since the pre¬ 
column preparation of the vitellin in Figure 7A through 
Figure 7F was identical, this would seem to indicate either 
(1) that a complex of soluble ova proteins is contained in 
the single band or that (2) that a single complex protein 
was isolated by the precolumn preparative procedures. A 
discussion of this has been previously presented in the 
General Introduction of this section. 
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The problem of unrecrystallized versus recrystallized 
acrylamide does not seem to be as great when running SDS 
acrylamide gels, as can be seen in Figure 8. ' There is lit¬ 
tle difference between recrystallized and unrecrystallized 
acrylamide, though the subunits on the recrystallized acryla¬ 
mide tend to separate somewhat better and the resolution is 
clearer. (The dark staining, narrow band near the bottom 
of the gels illustrated in Figure 8 is probably due to con¬ 
tamination of the dye used to indicate the front). 
Another important factor to be considered when examin¬ 
ing the purity of vitellin on acrylainide gels is the concen¬ 
tration of protein in the sample applied to each gel. Fig¬ 
ure 5 shows results of vitellin from the same sample applied 
to gels in increasing concentrations. In Figure 5A, where 
a low concentration of the protein was applied to the gel 
there was a "masking" of the contaminating band. In Fiaure 
5C at a higher concentration, the contaminating band is 
clearly visible above the major vitellin band. This shows 
that the vitellin eluted off the DEAE with the Na-Na buffer 
impurity. A similar problem arose when running 
SDS acrylamide gels to examine the subunits of vitellin as 
is seen in Figure 6. When a concentration of 50 pg (Figure 
6A) was applied to the gel the top band was resolved into 2 
bands and the 2 bottom bands became more distinct. In 
Figure 6B where a 100 pg aliquot of vitellin was applied to 
30 
the gel, the 2 top bands became indistinguishable. If 100 
yg was the only concentration of vitellin used, 5 major 
subunits would be postulated instead of the 6 that are 
actually present. 
When separating the subunits of vitellin in the SDS 
acrylamide gels, I boiled the vitellin sample for 6 minutes 
before applying it to the gels to see if there was a need 
to break down any molecular interactions that might not allow 
the protein to completely separate into its subunits (Wyatt, 
Hagedorn personal communication). However, as can be seen 
in Figure 8, there is no difference between samples that were 
boiled before electrophoresing (Figure 8A and 8B) and sam¬ 
ples which were not (Figure 8C and 8D). Hence, there is no 
indicating that heat should be applied to the vitellin to 
facilitate its separation into subunits in SDS acrylamide 
gels. This would seem reasonable since the sample had been 
previously dialyzed against the BME solution (Appendix D) 
which contains potent denaturing agents, so boiling would 
not be necessary since complete separation had already 
occurred. 
As a matter of interest the efficiency of 2 reservoir 
buffers was examined. The gels illustrated in Figure 8 are 
7.5% acrylamide gels, 1% SDS electrophoresed in Tris-glycine 
buffer (Appendix D). The gels shown in Figure 4D and Figure 
4E were 5% acrylamide gels with 1% SDS also electrophoresed 
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in Tris-glycine buffer. Figure 4B and 4C show 7.5% acryla¬ 
mide gels with 1% SDS electrophoresed in a-amino-n-butyric 
acid buffer (Appendix D). The only real differences between 
the two buffer systems was that the subunits in the gels 
electrophoresed in the a-amino-n-butyric acid system migrated 
proportionally farther down the gel and the electrophoretic 
process took 4-6 hours longer than those gels electrophoresed 
in the Tris-glycine buffer system. Since the differences 
were not major the Tris-glycine buffer system was routinely 
used to standardize my procedures. 
To examine which subunits have carbohydrate moities 
attached a modification of the procedure presented by 
Zacharius et al., (1969) for staining acrylamide gels with 
periodic acid Schiff's (PAS) stain was used (Appendix E). I 
first attempted to follow their method precisely, but I was un¬ 
able to remove the background stain from the gels, even after 
extensive rinsing with distilled water for 2 days. This effect 
was probably due to the SDS (which Zacharius et al., did not 
have in their gels) non-selectively binding the stain. To 
alleviate this problem the gels were rinsed overnight in 
distilled water after fixation in the trichloroacetic acid 
(TCA) and before the staining process. With other slight 
modifications in timing the procedure proved successful. 
The data in Figure 4E shows that all the major subunits stained 
positive for carbohydrates. This picture appears to show 
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that the staining was poor, but in fact this was not the 
case, rather it was due to the fact that the PAS stain is 
pink in color and the contrast between the stained bands 
and white background was poor in comparison with the deep 
blue color of the protein stain (Figure 4D) and the white 
background. 
The last staining process was used to examine the 
lipid moieties attached to the subunits. The process for 
staining acrylamide gels for lipid moieties as proposed 
by Whittaker and West (1962) (Appendix E) was a complete 
failure with the system I used. The stain precipitated out 
during the staining procedure and produced blotchy grey- 
colored gels. A more successful method was the prestaining 
technique of Narayan et al., (1966) (Appendix E). This 
involved staining the vitellin sample before electrophore¬ 
sis and produced gels with all the subunit bands stained, 
though very lightly. This light staining was probably due 
to the low concentration of the vitellin in the sample, 
rather than to the procedure itself. Another problem with 
this method was that the stain faded from the gels upon 
storage, thus making it necessary to photograph the gels 
almost immediately after electrophoresis. 
33 
Amino Acid Analysis 
On completion of the amino acid analysis of Aedes 
aegypti vitellin (as described in Materials and Methods), 
I needed to choose an appropriate quantitative method to 
compare my analysis with the analysis of other insect 
vitellins. The SAQ method compares protein X and Y, 
16 2 SAQ = £(X. - Y. ) 
i=l 1 1 
where X^ and refer to the mole percent of amino acid i 
in proteins X and Y respectively. This method emphasizes 
those amino acids that differ the most between two proteins 
since it squares each difference. It is appropriate for 
searching for differences between vitellins. Using this 
means of comparison, the maximum difference which values 
obtained for the same protein in different laboratories could 
produce is 4 SAQ units. The theoretical maximum value among 
unrelated proteins is 20,000 SAQ units which would be ob¬ 
tained in the comparison of two distinct homopolymers 
(Marchalonis and Weltman, 1971). 
Values for cysteine and tryptophan were omitted be¬ 
cause data for these proteins is often unreliable and these 
amino acids constitute only a small fraction of most pro¬ 
teins. Aspartate was combined with asparagine and glutamate 
was combined with glutamine since in most analysis they are 
not separated (Marchalonis and Weltman, 1971). 
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As can be seen from the data (Tables 1 and 2), most 
insect vitellins compared have SAQ values that fall within 
the range of 21 to 77 SAQ units. Given the upper limit of 
20,000 SAQ units for two completely unrelated proteins, 
this observation points to the fact that these proteins are 
closely related proteins. The one aberrant analysis on D. 
virilis vitellin (Kambysellis, 1977) is probably due to 
contamination, as is indicated by the abnormally high gly¬ 
cine content, rather than the unrelatedness of the vitellin. 
It is also interesting to note that the SAQ values 
for the vitellin-nonvitellin comparisons are somewhat higher 
than the SAQ values for the vitellin-vitellin comparisons 
(omitting D. virilis) (Table 2). The average SAQ value for 
the vitellin-nonvitellin comparisons was 80 SAQ units, as com¬ 
pared to the average SAQ value of 47 for the vitellin- 
vitellin comparisons. Given the range of SAQ values of 21 to 
77 SAQ unit when comparing vitellins (omitting D. virilis), 
this difference would appear somewhat significant and indicate 
that vitellins are more related to each other than to other in¬ 
sect proteins. 
It has been suggested that vitellins are a rapidly 
evolving group of proteins since the only restrictions on 
them as a group are that (1) they must remain large enough 
to avoid being filtered by the pericardial cells, (2) they 
must retain a recognition site for uptake into the oocytes 
and (3) they must maintain a "nutritive" amino acid 
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composition (Kunkel and Pan, 1976) . King and Jukes (1969) 
have predicted a mutational equilibria! amino acid composi¬ 
tion on the assumption that vitellins are a rapidly evolving 
group. Such an equilibrium would give all typical vitellins 
a similar amino acid composition, even if they diverged 
from each other very rapidly in absolute sequence (King and 
Jukes, 1969). Of the 9 amino acid analysis of insect vitel¬ 
lins including my analysis on A. aegypti vitellin, all but 
one have compositions that fall close to the "observed aver¬ 
age protein" (OAP) (Table 3). The D. virilis vitellin is 
again the one exception and should be discounted because of 
the uncertainty of the quality of the analysis. Viewing 
these observations it is clear that vitellins do tend to 
cluster about an amino acid composition that is close to the 
OAP composition. And since the methods now available for 
doing amino acid analysis are not sensitive enough to detect 
small differences in amino acid composition in such large 
proteins as vitellins, we cannot expect to gain much useful 
information from future comparisons of such analysis from 
different insect vitellins. Rather, it might be more pro¬ 
fitable to concentrate on peptide mapping and sequencing to 
compare vitellins in the future (Kunkel and Hagedorn, un¬ 
published) . 
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Figure 1. (All gels are 6% acrylamide gels with recrystal- 
lized acrylamide). (A) purified vitellin; 
(B) vitellin eluted off a DEAE column using 
a Na-K buffer, pH 6.8; (C) vitellin that was 
eluted off a DEAE column with a Na-Na buffer 
(in this case the vitellin precipitated out of 
solution on top of the DEAE column and could 
not be recovered). 
Figure 2. (A, B, and C are 6% acrylamide gels with recry¬ 
stallized acrylamide, D is a 5% acrylamide gel, 
1% SDS with recrystallized acrylamide). (A) 
purified vitellin; (B) vitellin that was homo¬ 
genized in PBS and eluted off a DEAE column; 
(C) presalt wash of the preparative procedure 
for (B) before 0.25 M NaCl solution was applied 
to elute the vitellin; (D) "subunits" of (B). 
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Figure 3. (All gels are 6% acrylamide gels with recry^ 
stallized acrylamide). (A) male-unfed female 
extract; (B) purified vitellin, (C) vitellin 
eluted off the DEAE column with a Na-Na buffer 
(in this case the vitellin was applied to the 
column and only a small fraction was recovered), 
(D) vitellin eluted off a DEAE column with a 
0.1 M NaCl Na-Na buffer (vitellin is normally 
eluted off the column in 0.25 M NaCl buffer). 
Figure 4. (A) purified vitellin on 6% acrylamide gels 
with recrystallized acrylamide; (B) subunits of 
(A) 50 yg of vitellin run on 7.5% acrylamide gels, 
1% SDS using the a-amino-n-butyric acid system; 
v (C) subunits of (A) -25 yg of vitellin run on 
7.5% acrylamide gels, 1% SDS using the a-amino- 
n-butyric acid system; (D) subunits of (A) 
vitellin run on 5% acrylamide gels, 1% SDS using 
the Tris glycine system; (E) same as (D), except 
PAS stain was used instead of Coomassie Brilliant 
Blue. 
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Figure 5. Vitellin samples were eluted off a DEAE column 
using a Na-Na buffer. All samples were run on 
6% acrylamide gels containing recrystallized 
acrylamide. This shows the effects of mask¬ 
ing due to the concentration of the samples run 
on the gels. (A) 40 yg, (B) 60 yg, (C) 80 yg 
(aberrant band above the major vitellin band is 
now clearly visible). 
Figure 6. Vitellin samples were run on 5% acrylamide, 1% 
SDS gels, (A) 50 yg of vitellin, 2 top bands are 
distinguishable; (B) 100 yg of vitellin, 2 top 
bands are indistinguishable. 
ABC 5 
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Figure 7. Vitellin samples were eluted off a DEAE column 
in a Na-K buffer, pH 7 with 0.25 M NaCl. All 
gels are 6% acrylamide gels. (A) and (C) are 
purified vitellin run on recrystallized acrylamide, 
(B) and (D) are purified vitellin run unrecry- 
stallized acrylamide, (E) precolumn vitellin 
run on recrystallized acrylamide, (F) precolumn 
vitellin run on unrecrystallized acrylamide. 
Figure 8. Vitellin samples prepared the same as those that 
were chromatographed in Figure 7. All gels are 
7.5% acrylamide gels, 1% SDS. (A) Vitellin sample 
that was dialyzed against BME solution 12 hr and 
not boiled before applying it to the gel con¬ 
taining recrystallized acrylamide; (D) vitellin 
was prepared the same as for (C), but the gel 
contained unrecrystallized acrylamide. 
f 
» 
•a** ► 
► i 
8 
M
OL
E 
PE
R
CE
N
T 
A
M
IN
O
 
A
C
ID
 
C
O
M
PO
SI
TI
O
N
 
O
F 
V
A
R
IO
U
S 
IN
SE
C
T 
V
IT
E
L
L
IN
S 
AN
D 
N
O
N
-V
IT
EL
LI
N
S 
40 
(UBJ 
PUE xa^un^) ix UT0^ 
-cad uiraas EaxuEULiaS *g 
(UEJ pUE X 11X3} 
-cad mruas EOXUEiiaa8 *g 
(sa^np puE §ut^ 
Aq pa}sa38ns se) uxaq. 
-cad 9§eJI3AE paAxasqo 
(dVO) 
(sa^ocag pna 
X^paxag puE UEinapSug) 
aEXEpEm 77f 
(STXX^sAqraE^ 
sxxi^ta *Q 
(SEXa§UT0) 
Xa^SESoUEXSUl *a 
(3PTTM3Q IQQI9Q) 
EqEaUXXU1939p ,rI 
(qZZ6I *'Xg 3 9 o^TUO) 
ETqxuiCo -g 
(uEg puE X9^un^) 
ExdojDjaa *h 
(uej puE x^WOi) 
EDxnEuixaS *g 
(uassxxx^Q) 
EXXOXEJSXUI ,rX 
(EpEp Xui) 
xqdASaa *v 
CM 
on rH CO CM NO l-M O CM MT 
o o NO rH co NO P'- ON o CM 
rH rH 
o Mf m 00 Mf rH r-'- NO 00 
CM CO CO rH m Ml" m CM CO 
rH rH 
00 in m o CM 00 00 rH ON o 
o NO 00 o m rH Mf 
rH rH 
o -X NO CM 00 CO rd- 00 o ON 
un m r"» iH Ml- CO m NO CM Ml- 
rH <H 
rH m ON NO co m i"- m rH 
• • 
00 mt CO rH CM rH r- CO o CM 
rH rH co 
rd- 00 CM rH CM CM m >d- ON O 
• • • • • • • • • • 
rH m NO o un ON co NO rH m 
rH rH 
o Mf r-^ 00 CM CM m CO m 
• • 
o m ON CM m m m NO CM m 
i—i rH 
Csl CM r^. mi- NO CM o »H p's 
• • 
o’ m in m MT NO CM Mf 
rH tH 
r- rH CM CO mt <1- in NO O mi 
• • • • • • • « • • 
On m ON Ml- MT Ml- r- m Csl Mf 
rH 
CM r^s rH ON CO O ON m CO CM 
• • • • • • • • • • 
CM m ON o MT CO Mf 00 CM m 
rH rH 
—s 
oo ON CM 00 O rH CM CM m un 
• • • • • • • • • • 
o Mf oo CM r-- m 00 r-» rH <f 
rH rH 
CO 00 ON CO ^d- co NO rH r-^ 
CM <T 00 rH m Mf NO NO rH 
• 
rH rH 
x U u X o >N ca rH ■U 0) CO 
-C a> rH rH rH cd 0) < H CO o cu o < > s w 
TA
BL
E 
1—
C
on
ti
nu
ed
 
41 
(UHd 1 
o O CN m 
pm? qa^un^) n uxaq 
_o^d mnxas eaxuemaa^ *g 
• 
o 
rH 
• 
co 
• 
m 
• 
ON 
• • 
CO 
Cued pue po^un^) i uxaq r—1 ON <r 
• 
O 
• 
ON 
• 
r-' 
• 
_ojd nnuas eoxueuixaS *g nO 00 no 00 'd- 
(sa^np pue Sux)* 
Aq paqsaSSns se) uxaq o m 
• 
CN 
• 
m 
• 
O 
• 
<r 
• 
-oud aSexaAE paAjasqo 00 CO p" CO <r 
(dVO) 
(sa^ooxg pue qeiuCag 
CN m CN rH CN m 
qepaxxd pue ueniaqSug) 1 • 
ON 
• 
<3- 
• 
u3- 
• 
0 
• 
CO 
• 
NO 
aejEpeui ,ri 
(sxqqasAqme)i) 1 On 0 1-^ 
• 
0 
• 
<r 
• 
CN 
• 
SXqXJLXA *Q CN rH CO 0 CN 
(SEUa§UT3) | o O'! 
• 
00 
• 
m 
• 
CN 
• 
CN 
• 
laqseooueqaui *a 03 CO CN CN m 
(3PTTM9a PUE jooqaa) o 
• 
00 
• • 
00 
• 
ON 
• 
0 
• 
Eqeauxqmaoap ,ri 0" CO n> CN m 
(<U£6T ‘*TE 3 3 ouTH0) LO 00 CN • ON • • CN • 
ExqquAo *d nO <fr CO 00 CO <d 
(UEd pue qa^pin^) O CN in m rH 
• 
ON 
• 
Exdoxoxao *h nO m CO CO 
(UEd puu qa^un^) nO <r CO CO CO 
Eaxueuua^ *g 
00 
<3- <3- 'Cf <1- 
(uassqqqao) co 00 00 NO 00 O 
ETUOqEXSTUi *q 
• 
On m CN m rH -d- 
(eqep Aux) rH 0 ON ^d- 
xqdASae *y nO m LO ON -d- CO 
3 m <3 CO CO 00 
<3 so X So •H 5-1 
r4 H p- »-3 PC < 
0) CL) 
c c <3 
*H *H <3 G 
G o <1) G *H 
(!) C P C li t3 
G *H <U *H CO G 'H 
rl £ H O O *H -u 
r-l 4-1 O 3 5-4 CO C0 
Cd Cl) CO 0) >•, *H 
k* £ *H i—i 4-1 r—I _G 
!i !1 I! il II II II 
H u 5J 3 M K (C 
CO 0,' *H 3 Sn So -H 
t> S H ^ E 
<3 
c 0) 
•H C 
00 •H 
cd e 
5-1 cd 
cd 4-1 
a 3 
CO rH 
cd 60 
no X 
G G 
cd 3 
CL) a; 0) 
4-1 G 4-1 <3 
cd •H cd 3 a) <d G 
4-1 G 3 B G G C •H 
5-1 0 C cd •H •H -H 
cd CU •H 4-1 1—1 O C •H 
Cu 5-4 5-4 3 O s^ cd 60 
CO X. <D rH 5-i rH rH U 
cd 4-> CO 60 CU 60 cd cd 
ll 11 II II II II II II 
X 5-4 5-4 X O >> cd 60 
CO 
g 
0) r—1 5-4 rH rH U 
<1 CO O Cu 0 < < 
42 
CM 
w 
PQ 
c 
H 
> 
co 
00 Q 1—> 1—1 CO 
U JH o> 
< sO 
< OS O 25 r—1 
z C 
M r> S O' CO 
c <1 fa CO 
H 23 
25 O T> 
w z O M O 
p5 CO 25 
W 23 
fa 
< 
CO O 
W 2 2: 
h-J M M O fa 
s fa 
w 
fa H 
O M 
> 
IS
O
N
 
N
O
N
- 
p5 
< 
Ph 
g 
u 
uxatjoxd mn.i9S 
HOXUBUlXaS *a 
t ux93oxd rnnxas 
BDXueuuas* *g 
dVO 
o 
so 
CO 
co 
m ct\ 
co 
CM 
CM 
o 
00 
vO 
in 
o 
vO 
CM 
<r 
o 
o 
sO 
Os 
r^> 
m 
m 
r*- 
ON 
<r 
m 
<r 
sO 
m 
co 
00 
CM 
in 
m 
<r 
o 
•n 
00 OS 
m 
Os 
Os 
O 
P"* 
<r 
co 
in 
o 
_ 00 CM CM CO in in 
qt TT1XA * (1 |vOfH^Om<J-'X^'ir2 
sIL.La.Li'- U CO on Os OS oo oo 
_— vor'-oor^r^.o-<j- 
oaxseSouepaui *a r^';fvor^vDv0in 
___ _ <j- oo i-~- co 'd- co 
Basauxjuiaoap *1 ^ 00 ^ 04 r,J ^ 
__ _I <r o <—i <r i 
BXipuAo *d co <r m cm 
____ O iH CO CT« 
exdoxoxao *H 10 10 ^ 10 
_ oo oo co 
B0XUBU1J93 * 9 CM <t" CM 
__ <r os 
aBxepem ,ri I <J- <r 
— — \ sO ixJo^ixsxm ,rl in 
T^dA^ai *y 
•H 
4-> 
Cu 
5n 
00 
a) d 
d 
•H 
5-1 
O 0) 
d 
a 
•H 
d 
•H 
a d 
d 
4-J 
d 
a) 
c 
•H 
a 
4-J 
CO 
d 
&o CD 
4-1 d d o •H i—! o •H 
d 5-1 d 5-1 fa £ d fa 
'H d 0 u 4-1 CD d •H 
00 ^3 }-i S-i d CJ t~l 5-i 
d a) aj a) CJ •H 
0 6 00 o CJ T3 £ > 
Cl ^1 pq| PM Q 
5i 
O M Ml 
g
er
m
an
ic
a 
s
e
ru
m
 
p
ro
te
in
 
SUMMARY AND CONCLUSIONS 
General Introduction 
From an examination of my data, and a survey of the 
limited, existing information about the biochemical nature 
of vitellin, I cannot assume that vitellin is a single pro¬ 
tein. Rather, I must consider two options, (1) that vitellin 
is a complex mixture of very related, soluble proteins, pre¬ 
dominantly made up of yolk proteins (Telfer, 1960) , or 
(2) that vitellin is a single very complex protein. Further, 
more thorough research must be done on vitellin before any 
conclusions on this matter can be reached. 
Isolation, Purification and Gel Electrophoresis of the Vitellin 
After surveying the various techniques of isolation, 
purification and gel electrophoresis of vitellin and examin¬ 
ing the methods I used, it became obvious that there was 
need for standard, well-defined techniques to be developed. 
Therefore, the first objective of this research was to put 
forth techniques that gave reliable, consistent results when 
isolating, purifying and performing gel electrophoresis on 
A. aegypti vitellin. The available data and the evidence 
gathered in this research support the following conclusions: 
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(1) The pH and ionic strength of the homogenizing- 
sonicating buffer is important to the isolation and later 
purification of the vitellin. The buffer must be of high 
ionic strength and usually of a pH 1-2 units above tne iso¬ 
electric point of the yolk protein. For A. aegypti vitellin 
a 0.05 M Tris-Phosphate buffer with 0.25 M NaCl at a pH of 
8.0 proved to be the most efficient for this purpose. 
(2) When dealing with high concentrations of vitel¬ 
lin (greater than 5 mg/ml) it is important to use a strong 
buffer to solubilize the vitellin and elute it off the DtAE 
column. The pH of the eluting buffer is very important and 
must be maintained in order to purify the vitellin off of 
the DEAE column. A 0.1 M Na-K phosphate buffer at pH 7 
with 0.25 M NaCl was found to be the most effective buffer 
for this purpose. 
(3) When performing gel electrophoresis it is of ex¬ 
treme importance that the acrylamide be recrystallized in 
ethyl acetate before being used to make up the gel solutions. 
Unrecrystallized acrylamide in the gels causes the presence 
of aberrant bands. Moreover, it is also important that the 
electrophoresing times, amperage and temperatures be con¬ 
sistent throughout all the experiments. Variations in these 
parameters makes it extremely difficult to make any accurate 
comparisons between experiments. 
(4) It is important that more than a single concen¬ 
tration of vitellin be examined when performing gel 
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electrophoresis. "Too much" or "too little" sample can 
cause "masking" of what is actually present in the sample. 
(5) There is no need to heat the vitellin sample 
before applying it to SDS acrylamide gels to facilitate 
its separation into subunits, as would be expected since the 
sample had been previously treated with a strong denaturant. 
(6) All of the subunits of the vitellin stain posi¬ 
tive for carbohydrate using a PAS stain. 
(7) The pre-staining technique (Narayan et al., 
1966) for lipid moieties in the subunits of the vitellin 
proved more useful than the lipid staining technique of 
Whittaker and West (1962) but there are still needs for im¬ 
provement before any conclusions can be made from the re¬ 
sults . 
Amino Acid Analysis 
Since no amino acid analysis from a nematocerous 
Diptera had been carried out, the second objective of this 
research was to prepare and carry out an amino acid analy¬ 
sis of A. aegypti vitellin and make a comparison with the 
analysis of other insects. The available data and the evi¬ 
dence gathered from this analysis support the following con¬ 
clusions . 
(1) A. aegypti vitellin is closely related in amino 
acid composition to the other insect vitellins examined. 
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(2) Due to the insensitivity of the methods now 
available for doing amino acid analysis, and the inabil¬ 
ity to detect small differences in proteins as large as 
vitellins, it would appear that the usefulness of contin¬ 
uing in this line of making comparisons is very limited. 
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APPENDIX A 
Aedes Saline (Hagedorn et al., 1977) 
mM 
MgCl?.6H2O 
KC1 
NaHCG 3 
NaCl 
HEPES 
CaCl2.2H20* 
0.6 
4.0 
1.3 
150.0 
25.0 
1.7 
♦Calcium is added after pH is adjusted to 7.0 with NaOH 
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APPENDIX B 
(All buffers in this Appendix contain a 1:20 dilu¬ 
tion of 6 mg/ml of PMSF in 95% ethanol and a 1:100 dilution 
of 0.2% sodium azide to prevent breakdown of vitellin by 
proteases and to prevent bacterial growth in the buffers 
respectively). 
Homogenizing-sonicating Buffers 
(1) 0.05 M Tris-Phosphate buffer, 0.25 M NaCl-pH 
8.0. 0.05M Trizma Base, (Sigma) and 0.05 M NaH2P04 mixed 
with 0.25 M NaCl and pH adjusted with NaOH (modified from 
Hagedorn et al., 1978). 
(2) PBS (Phosphate Buffered Saline) made at a con¬ 
centration of lOx. 1M KH2P04, 0.9% NaCl pH adjusted with 
NaOH to 7.0 (Hagedorn personal communication). This buffer 
was used at a concentration of lx. 
Dialyzing and Eluting Buffers 
(3) 0.05 M Tris-Phosphate buffer pH 6 - no NaCl. 
Made the same as (1), omit salt, pH adjusted to 6 with HC1. 
(4) 0.1 M Na-K phosphate buffer pH 7. 0.1 M Na2HP04 and 
0.1 M KH2P04 are mixed and pH adjusted to 7 with KOH at room 
temperature, (Hagedorn, personal communication). The buffer 
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is filtered through a Millipore filter then cooled to 4° 
before use. It is suggested that this buffer be made up 
fresh every 3-4 days. 
(5) 0.1 M Na-K phosphate buffer, 0.25 M NaCl, pH 7- 
made the same as (4) with the addition of 0.25 M NaCl. 
(6) 0.1 M Na-Na phosphate buffer pH 7. 0.1 M 
NaH2P0^ and 0.1 M Na2HP0^ are combined and pH adjusted with 
NaOH. Preparative procedure same as for (4). 
(7) 0.1 M Na-Na Phosphate buffer pH 7, 0.25 M NaCl- 
made the same as (6) with the addition of 0.25 M NaCl. 
APPENDIX C 
Recrystallization of Acrylamide 
(1) To recrystallize acrylamide dissolve acrylamide 
in boiling ethyl acetate, 400g/liter. Filter boiling solu¬ 
tion through preheated Buchner funnel and vacuum flask with 
Whatman #1 filter paper. Let solution cool, then chill to 
4°C, collect crystals and allow them to dry. 
(2) To recrystallize methylene bisacrylamide follow 
above procedure using acetone and 10g/400ml (Hagedorn and 
Kaczor personal communication). 
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APPENDIX D 
Reagents and Preparation of Gels 
(Modified from Laemmli, 1970) 
30% acrylamide, 0.8% methylene bisacrylamide: 30 g 
acrylamide and 0.8 g methylene bisacrylamide are dissolved 
and adjusted to 100 ml with distilled water. 
Lower Tris (4x) : 18.17 Tris base, HC.1 to pH 8.3. 
Make up to 100 ml with distilled water (reagent should con¬ 
tain 4% SDS when preparing acrylamide gels with SDS). 
Upper Tris (4x): 6.06 g Tris base, HCl to pH 6.8. 
Make up to 100 ml with distilled water (reagent should con¬ 
tain 4% SDS when preparing acrylamide gels with SDS). 
Ammonium persulfate solution (Make up fresh each day) 
100 mg ammonium persulfate and 5 ml of distilled water = 
2% solution. 
Tris-glycine buffer (4x):12 g Tris base and 57.6 g 
glycine. Make up to 1000 ml with distilled water. 
a-amino-n-butyric acid buffer (4x) (Chapman et al., 
1975) :18.97 g a-amino-n-butyric acid made up to 1000 ml with 
distilled water. 
BME solution 7 5 ml 2-mercaptoethanol, 30 ml 10% SDS 
and 12.5 ml upper tris (4x). Make up to 100 ml with dis¬ 
tilled water. 
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Reservoir buffer: 500 ml of either Tris glycine buf¬ 
fer (4x) in a-amino-n-butyric acid buffer (4x), and distilled 
water up to 2000 ml (20 ml of 10% SDS should be added before 
bringing buffer up to 2000 ml when acrylamide gels with SDS 
are being electrophoresed). 
Preparation of Gels 
Lower gels for 12 gels, 12 cm long, 
(in mis) 
h20 
Lower Tris (4x) 
30% Acryl + 0.8% MBA 
2% AP 
Tetramethyethylenediamine 
(TEMED) 
Upper gels (for 12 gels) 
(in mLs) 
5% 6 % 7.5% 
22.7 20.3 19.35 
10.0 10.0 10.0 
6.7 8.2 10.0 
0.6 0.6 0.6 
20 ul 20 pi 10 pi 
h2o 
Upper Tris (4x.) 
30% acryl. + 0.8% MBA 
2% AP 
TEMED 
APPENDIX E 
Preparation of Stains and Staining Techniques 
Coomasie Brilliant blue stain (modified from Laemmli, 19 70) . 
After electrophoresis, gels are fixed in Destain I (50% 
methanol, 9.5% glacial acetic acid) for 3-4 hrs. They are 
subsequently stained in a 1% solution of Coomasie Brilliant 
blue made up in Destain I. After staining overnight they 
are destained for 10-12 hrs in Destain I with 3 changes and 
then in Destain II (5% methanol 7.5% glacial acetic acid) 
for 12 hrs with 2 changes. Gels are stored in Destain II. 
PAS stain (modified from Zacharius et al., 1969). 
Reagents. 
(1) 12.5% Trichloracetic acid made in distilled water. 
(2) 1% Periodic acid in 3% acetic acid. 
(3) Fushin-sulfite stain—10 gm of potassium meta¬ 
bisulfite and 21.0 ml of concentrated HCi are added to 7 
liters of distilled water and mixed thoroughly, when a 
solution has been obtained 8 gm of basic Fushin stain is 
added and solution is stirred for 2 hrs at room temperature. 
The color should be a faint pink. Let solution stand for 
2 hours then add an appropriate amount of decolorizing char¬ 
coal; stir and filter solution within 15 minutes. Repeat 
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this procedure until the stain is clear. Store the stain 
in a dark bottle in the cold. Stain remains useful for 
several months (McGuckin and McKenzie, 1958). 
(4) 0.5% metabisulfite solution in distilled water. 
(5) 3-7.5% acetic acid solution. 
Procedure. 
(1) Fix gel in 12.5% TCA (50 ml with gel) for 30 
minutes. 
(2) Rinse with distilled water overnight. 
(3) Immerse in 1% Periodic acid for 30 minutes. 
(4) Rinse with distilled water overnight. 
(5) Immerse in Fushin Sulfite stain in dark for 50 
minutes. 
(6) Wash with 0.5% metabisulfite (50 ml per gel) 
3x for 10 minutes. 
(7) Rinse overnight in distilled water with frequent 
changes. 
(8) When excess stain removed, store in 3-7.5% acetic 
acid. 
Lipoprotein Stains 
Sudan-Black stain (Whittaker and West, 1962). The 
Sudan Black solution was prepared by adding 0.1 g of Sudan 
Black to 100 ml of 60% ethanol and heating the solution to 
boiling. The hot solution was filtered twice. The solution 
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was cooled. The gels are placed in the freshly prepared 
stain for 48 hours then washed in several changes of 35% 
ethanol until the dark background was removed. 
Sudan Black prestain (McDonald et al., 1959; Narayan 
et al. , 1966)--Solutions of Sudan Black B were prepared by 
heating proplylene glycol to 100°C-110°C. (If 110°C is 
exceeded a gelatinous mixture results). Then adding to 
100 ml of solvent, 1 g of dye. The mixture was stirred for 
5 minutes. Then filtered while still hot through Whatman 
#2 filter paper. 
After cooling the filtered solution to room tempera¬ 
ture it was refiltered. The vitellin sample is mixed in a 
2:1 ratio with the Sudan Black stain, flushed with N9, sealed 
and placed at room temperature away from the light for 1 
hr then transferred to a refrigerator maintained at 4° for 
24 hrs. It is subsequently electrophoresed. Gels are re¬ 
moved and placed in 7.5% cold (2°C) acetic acid then stored 
under refrigeration. 
APPENDIX F 
COMPARISON OF MOLE PERCENTS OF AMINO ACID RESIDUES 
OF TWO PREPARATIONS OF A. AEGYPTI VITELLIN 
Amino acid A. aegypti vitellin 
(my data) 
A. aegypti vitellin 
(H. Hagedorn) 
Asx 12.7 10.6 
Thr 4.3 3.8 
Ser 8.8 7. 7 
Glx 11.9 10.7 
Pro 5.3 4.8 
Glv 4.4 5.5 
Ala 6.3 9.3 
Val 6.6 6.1 
Met 1.1 2.0 
Fie 4.7 3.5 
Leu 6.1 6.0 
Tyr 5.0 9.0 
Phe 5.9 8.3 
Lys 9 6.6 
His 4.4 2.5 
Arg 3.4 3.5 
SAQ = 51.42 
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This is a comparison of A. aegypti vitellin that was 
prepared by the lab of Dr. H. Hagedorn and analyzed on a 
Beckman 119C Amino Acid Analyzer by Curtis Fullmer, (Cornell 
University) and A. aegypti vitellin that I prepared and was 
analyzed on a Beckman 120C Amino Acid Analyzer by Louis 
Raboin (University of Massachusetts). 
It should be noted that the Beckman 119C is a single 
column, fully automated, micro-amino analyzer, with the re¬ 
sults being directly recorded as nMoles of each amino acid 
residue. The Beckman 120C is a manual, double column amino 
acid analyzer with the results being recorded as peaks which 
designate each amino acid residue. This data is then manu¬ 
ally integrated on a Technician Manual Integrator and the 
nMoles of each amino acid are calculated from these results. 
This difference in analyzers and analyzing techniques could 
easily account for the variation in the results between the 
2 preparations. 

